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2.  PURPOSE 

The  purpose  of  this  contract  is  to  develop  a  ferrite  material  suitable  for 
operation  at  250  Kw  peak  power  in  a  phase  shifter  device  operating  at  S-band 
frequencies.  This  work  will  primaril/  be  centered  around  the  nickel  aluminum 
gallium  ferrite  s/stem.  Better  insight  into  the  behavior  of  this  system  will  be 
obtained  by  measuring  the  microwave  properties  as  a  function  of  power  level. 

It  is  anticipated  that  a  Reggia -Spencer  type  phase  shifter  will  be  constructed 
utilising  a  ferrite  in  this  new  system. 
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3.  MATERIAL  DEVELOPMENT 
3.  1  Compositional  Study 

At  the  initiation  of  this  program,  the  basic  requirements  that  the 
material  to  be  developed  should  meet  were,  saturation  magnetization  appro¬ 
ximately  600  gauss,  Curie  temperature  200‘C  and  the  loss  tangent  less  than 
0.  005  at  S-band.  As  a  result  of  the  compositional  studies  made,  two  cpm- 
positions  NAGS-3  and  NAGS-4  essentially  met  these  specifications.  As  will 
be  discussed  in  a  later  section,  NAGS-4  was  selected  as  the  composition  as 
having  the  best  chance  of  fulfilling  all  the  requirements  demanded  for  opera¬ 
tion  at  S-band  in  a  phase  shift  device  at  250  Kw.  Unless  high  power  and 
phase  shift  data  dictate  otherwise,  this  portion  of  the  program  will  be  con¬ 
sidered  complete. 

3.  2  Ceramic  Processing 

So  that  we  may  better  understand  the  effect  of  ceramic  processing 
on  the  properties  of  ferrites  in  the  nickel  aluminum  gallium  iron  system,  a 
number  of  experiments  have  been  started.  The  composition  for  all  these 
experiments  is  NAGS-4.  In  order  to  minimize  the  number  of  variations,  all 
batches  are  of  the  same  total  weight.  The  ratio  of  batch  size  to  weight  of 
balls  and  water  have  been  kept  constant  for  all  ball  millings.  A  total  of  12 
batches  have  been  prepared.  They  were  milled  for  6,  12,  24,  and  48  hours. 
Three  batches  at  each  milling  time  were  prepared.  One  batch  from  each 
milling  time  were  calcined  at  1050*C,  1125*C,and  1200*C.  During  the 
coming  quarter,  these  materials  will  be  pressed  at  various  pressures  and 

Page  6 

Airtron,  a  division  of  Litton  Industries 


Rn-410 

MATERIAL  DEVELOPMENT  (Continued) 

fired  at  several  temperatures  and  evaluated  to  ascertain  the  effect  of  ceramic  j 

processing  on  the  properties  of  this  material.  | 

3. 3  Flame  Spraying  I 

The  flame  spray  apparatus  has  been  constructed  and  four  batches 
have  been  flame  sprayed.  A  diagram  of  the  apparatus  is  shown  in  Figure  1.  I 

The  sidearm  and  tank  were  fabricated  entirely  from  304  stainless 
steel  as  are  both  the  flame  spray  and  scrubber  nozzles.  The  shaded  areas 
shown  in  Figure  1  indicate  the  areas  where  the  powder  collects. 

NAGS-5-2.  (Nij  QQGaQ  ^tT^lp.  733^6 j  qqOJ,  was  the  first  flame 

spray  material  prepared  using  the  apparatus  described  above.  A  2000  gram  * 

batch  of  nitrate  saltein  the  mole  ratio  indicated  was  dissolved  in  methanol  with  j 

I 

the  exception  of  the  gallium.  The  gallium  was  not  added  as  the  nitrate  due  to 

the  difficulty  in  obtaining  gallium  nitrate  with  a  known  amount  of  attached  water 

at  a  reasonable  price.  Since  gallium  oxide  is  available  in  high  purity,  the  ^ 

amount  of  gallium  as  the  oxide  was  weighed  out  and  put  into  solution  >»th  pitric  ( 

acid.  This  was  then  evaporated  to  dryness  and  added  to  the  methanol  solution  i  ^ 

of  nickel,  aluminum  and  ferric  nitrate.  While  putting  these  materials  into 

solution,  it  was  noted  that  the  gallium  was  the  last  material  to  go  into  solution 

and  required  an  extended  period  of  mixing.  This  was  attributed  to  the  fact  that 

the  gallium  was  evaporated  to  too  dry  a  condition,  probably  driving  off  some 

of  the  attached  water.  The  specific  gravity  of  the  completed  solution  was  1. 245. 
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MAT^IAL  DEVELOPMENT  (Continued) 

A  low  volume,  high  velocit/  ox/-acet/lene  torch  was  used  at  the 
start  of  the  first  run.  It  was  found  that  this  type  torch  was  not  suitable  for 
three  reasons. 

1.  There  was  ineffective  burning  of  the  solution  which  was 
evidenced  by  the  light-brown  color  of  the  collected  powder. 

2.  An  oxidizing  flame  was  very  difficult  to  obtain. 

3.  Carbon  deposited  at  the  nozzle  tip  and  put  out  the  flame. 
For  these  reasons,  a  high  volume  air-acetylene  torch  was  sub¬ 
stituted  during  the  run.  Based  on  a  100  percent  conversion  of  the  nitrate 
solution  to  spinel,  the  theoretical  yield  would  be  680  grams.  The  actual 
yield  of  NAGS -5-2  was  close  to  150  grams,  70  percent  of  which  was  collected 
in  the  sidearm,  the  remainder  being  evenly  divided  between  the  bottles  and 
tank.  This  was  only  a  22  percent  yield  which  was  less  than  anticipated.  The 
poor  yield  is  attributed  to  three  major  factors. 

1.  The  scrubber  nozzle  was  not  effective.  Approximately  50 
gallons  of  water  were  needed  to  collect  50  grams  of  material  or  about  1  gram 
per  gallon  of  water  was  collected.  It  appears  as  though  very  fine  misting 
nozzles  used  in  a  high  column  would  increase  the  yield  of  fines.  Also,  if  the 
velocity  of  the  gas  and  powder  could  be  decreased,  more  material  would  be 
collected. 

2.  The  specific  gravity  of  the  liquid  was  low  which  would 
reduce  the  particle  size  of  this  material  hurled  down  the  sidearm  and 
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MATERIAL  DEVELOPMENT  (Continued) 

much  of  the  material  would  be  carried  up  the  stack  with  the  resultant  gases. 

3.  Poor  burning  conditions  allowed  material  to  pass  out  the 
flue  or  go  back  into  solution  in  the  water  during  the  scrubbing  operation. 

The  material  collected  was  kept  separate  and  is  distinguished  by 
the  following  symbols: 

SA  -  Entire  sidearm  yield 
Fr  -  Front  1/3  sidearm  yield 
Mi  -  Middle  1/3  sidearm  yield 
Ba  -  Back  1/3  sidearm  yield 
Ta  -  Material  settled  in  tank 
Fi  -  Material  settled  in  bottles 

Subsequent  flame  spray  runs  will  also  be  distinguished  by  the  above 

symbols. 

NAGS-5-2  was  processed  in  the  following  manner  preparatory  to 

firing: 


1.  All  the  powder  was  burned  at  950*C  in  air  for  2  hours  to  rid 
the  material  of  any  water  vapor,  unreacted  nitrates,  and  unoxidized  carbon. 
This  burning  operation  appeared  to  darken  the  color  of  the  material  slightly. 
Also,  of  note,  was  the  different  shade  of  brown  between  the  sidearm  material 
and  the  tank  and  bottle  material.  The  tank  and  bottle  material  was  lighter  in 
color  indicating  a  finer  particle  size. 

2.  Six  percent  Cerimal  "C"  binder  was  added  to  a  slurry  of 


water  and  powder. 
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MATERIAL  DEVELOPMENT  (Continued) 

3.  The  water  was  evaporated  and  the  dried  material  was 
screened  through  60  mesh  and  pressed  at  250,000  psig  to  increase  densifi- 
cation  of  the  powder. 

4.  The  material  was  again  screened  through  60  mesh  and 
pressed  into  bars  suitable  for  firing  and  hot  pressing. 

5.  The  binder  was  burned  off. 

NAGS-6-1,  (Nij  QgGaQ  267^-10.  733^*0.  980°*^’  prepared  in 

a  similar  manner  as  described  above.  The  onl/  change  in  procedure  was 
that  the  gallium  was  not  evaporated  to  dr/ness  but  added  as  the  nitrate  solu¬ 
tion  of  the  oxide  with  no  evaporation. 

Composition  6-1  was  flame  sprayed  using  a  high  volume  air- 
acetylene  torch.  The  specific  gravity  of  the  solution  was  1.  325.  Approxi¬ 
mately  225  grams  of  powder  was  collected.  This  was  a  yield  of  slightly 
over  29  percent,  or  a  7  percent  increase  over  NAGS-5-2.  The  higher 
yield  was  due  to  better  burning  conditions  plus  an  increase  in  density  of  the 
solution.  The  major  loss  of  material  was  up  the  stack  indicating  that  the 
scrubber  is  not  capable  of  removing  the  very  fine  particles  from  the  exhaust 
gases. 

NAOS-5-3,  <NIi.oo°*0.26/‘o.733*''i.OO®*’- 

above  and  flame  sprayed  except  that  two  high  volume  air -acetylene  torches 
were  used  instead  of  one.  The  torches  were  placed  on  either  side  of  the 

Page  11 

Airtron,  a  division  of  Litton  Industries 


RU-410 


MATERIAL  DEVELOPMENT  (Continued) 
spra/  nozzle  and  impinged  on  the  spra/. 

The  material  collected  in  the  sidearm  was  a  ver/  deep  brown-gra/ 
color  indicating  a  higher  burning  temperature.  The  material  collected  in  the 
tank  and  bottle  was  light-brown  indicating  a  finer  particle  size. 

The  yield  for  NAGS -5-3  was  approximately  30  percent.  The  powder 
was  further  processed  as  previously  described  except  that  the  calcining  or 
burn  off  temperature  was  raised  100*C  to  1050*C. 

Further  design  changes  were  made  to  increase  the  efficiency  of  the 
burning  of  the  spray.  A  ring  was  designed  and  build  which  would  completely 
encircle  the  spray  nozzle  and  the  ring  was  shaped  so  that  the  acetylene  flame 
would  focus  at  a  point  2  inches  from  the  nozzle  tip. 

The  hollow  ring  consisted  of  32  holes  drilled  at  the  proper  angle  to 
achieve  this.  The  following  faults  were  observed  in  this  design: 

1.  The  holes  were  of  too  large  a  diameter  for  the  flow  causing 
burning  of  the  acetylene  in  the  hollow  ring. 

2.  The  acetylene  did  not  enter  tangentially  into  the  ring  caus¬ 
ing  uneven  flame  length.  The  longer  flames  were  emitted  from  the  holes 
directly  in  the  path  of  the  incoming  acetylene. 

The  apparatus  has  been  redesigned  and  is  in  the  process  of  being 

built. 

NAOS-4-3,  (NiO), 
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MATERIAL  DEVELOPMENT  (Continued) 

was  flame  sprayed  as  described  above.  The  specific  gravity  of  the  solution 
was  1.275.  Because  of  the  decrease  in  specific  gravity,  the  yield  was  reduced 
to  approximately  25  percent.  This  is  about  the  same  yield  obtained  for 
NAGS -5-2  which  had  about  the  same  specific  gravity.  This  composition  was 
prepared  to  compare  the  flame  sprayed  material  with  conventionally  prepared 
material. 

3.  4  Hot  Pressing 

A  large  hot  pressing  die,  designed  to  produce  ferrite  samples 
1  inch  X  1  inch  x  6  inches  is  presently  being  fabricated.  The  outer  stainless 
steel  box  has  been  completed.  The  zirconia  and  alumina  slabs  have  been  pur¬ 
chased.  Various  hydraulic  parts  for  the  400  ton  press  have  been  purchased. 
The  press  modifications  are  necessary  so  that  the  rate  of  closure  of  the  press 
can  be  accurately  controlled  and  the  pressure  required  accurately  maintained. 
The  die  and  press  are  scheduled  to  be  completed  in  February  1963. 

A  hot  pressing  run  HP>23  was  made  using  NAGS-4-2  material 

(m0)„  4U5- 

The  green  prepressed  bar  was  first  annealed  in  oxygen  at  1050*C 
for  72  hours  in  an  attempt  to  oxidize  any  iron  picked  up  during  milling.  The 
bar  was  then  hot  pressed  in  the  following  manner.  The  pressure  in  the  die  was 
4000  psi,  the  temperature  was  raised  to  1150*C  and  held  for  45  minutes. 

Another  run,  HP-24,  was  made  using  the  fines  collected  in  the  tank 
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MATERIAL  DEVELOPMENT  (Continued) 

from  the  flame  spraying  of  NAGS -6-1 -Ta,  (NiO)  (GaaOs)  (AljOs)  -/JFejOs) 

ItUU  •.JOf  Oa 

This  was  the  first  attempt  to  hot  press  a  flame  sprayed  powder  and 
was  carried  out  under  the  following  hot  pressing  conditions.  The  pressure  was 
4000  psi.  temperature  was  raised  to  1150*C  and  held  for  30  minutes. 

The  sample  was  dense  and  extremely  brittle  and  was  cracked  in 
numerous  places  but  remained  in  one  piece.  When  the  bar  was  purposely 
cracked,  the  fracture  appeared  to  be  concoidal,  indicating  a  very  vitreous 
sample.  These  cracks  were  quite  possibly  due  to  thermal  shock. 

Another  attempt  was  made  to  hot  press  flame  sprayed  material 
using  NAGS-5-2-Ta.  (NiO)j  qq(A1,0,)  ^^^(GaiO,)  j33(Fe»0,)  This  was 
run  HP-25. 

This  bar  was  hot  pressed  at  4000  psi  at  1100*C  for  30  minutes.  This 
bar  did  not  crack  and  had  much  greater  porosity  than  HP-24. 
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4.  MEASUREMENT  APPARATUS 
4.  1  Tan  6  at  S  -band 

In  the  last  report,  it  was  mentioned  that  cavit/  Q  should  decrease 
when  a  sample  is  inserted  in  the  cavity.  For  some  low  loss  samples,  it  was 
found  that  the  cavity  Q  increased.  It  has  been  found  that  this  anomaly  was 
due  to  the  large  size  of  the  coupling  holes  in  the  cavity.  The  loaded  cavity 
is  given  by: 

i  =1+1 
Ql  Qe  Qc 

Qg  is  the  external  Q  which  is  dependent  on  the  coupling  hole  size 
and  is  the  unloaded  Q  which  is  dependent  on  the  losses  of  the  cavity  walls 
and  the  dielectric  loss  of  the  cavity  interior.  If  is  sufficiently  large,  then 
any  change  in  is  caused  by  a  change  in  the  dielectric  loss  of  the  cavity 
interior.  The  coupling  holes  of  the  ^a^ve  now  been  made  small 

enough  so  that  the  required  condition  on  is  actually  obtained. 

The  tan  4  setup  now  yields  results  which  are  felt  to  be  consistent 
with  published  results  which  have  been  obtained  for  AlgOj  (WesGo-AL-300)  and 
Tr-414. 


Airtron  Measurements 


at  3200  Mc/s 

e' 

Tan  6 

WesGo-AL-300  AljO,  . 

208  dia. 

9.  78 

. 00034 

WesGo-AL-SOO  AljOj  . 

103  dia. 

9.  38 

.00031 

TT-414  . 208  diameter 

12.8 

. 00042 
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MEASUREMENT  APPARATUS  (Continued) 


Reported  Values 

Tan  < 

Trans.  Tech.  TT-414 

(Measuring  frequency  not  given) 

11.5 

.0005 

WesGo-AL-300  AljOj 

(Measured  at  1000  Mc/s) 

9.00 

.00030 

The  differences  between  the  published  data  and  the  dielectric  constant 
e'  measured  at  Airtron  is  felt  to  be  due  to  sample  size.  It  is  seen  that  as  the 
size  of  the  AI2O3  is  decreased,  the  value  of  e*  approached  the  published  value. 

However,  in  order  to  keep  the  6"  measurements  as  reliable  as 
possible,  it  is  desirable  to  use  the  largest  possible  sample. 

We  have  attempted  to  measure  the  tan  4  at  S-band  of  several  standard 
production  ferrites  of  different  compositions.  The  following  problem  was  en¬ 
countered  which  may  explain  the  high  loss  in  several  of  the  NAGS  samples 
measured. 

The  ferrites  measured  were  nickel  aluminum  ferrites  with  saturation 
of  1400  gauss  and  magnesium  manganese  ferrite  with  a  saturation  of  2000  gauss. 
Both  these  materials  have  been  manufactured  for  many  years  and  are  known  to 
have  low  dielectric  loss  tangents.  These  materials,  when  checked  in  the  S-band 
setup,  and  had  a  tan  6  in  the  range  of  .  OX.  This  is  very  unlikely.  The  diameter 
of  the  rod  was  then  made  smaller  and  the  loss  was  reduced  but  not  below  .  01. 

The  fact  that  the  loss  did  come  down  but  is  still  high  indicates  that  the  rod  is 
not  in  a  part  of  the  cavity  where  the  H  field  is  zero.  The  high  saturation 
magnetization  would  give  an  apparent  high  tan  6  in  the  presence  of  an  H  field. 
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MEASUREMENT  APPARATUS  (Continued) 

For  materials  that  do  have  a  sufficiently  low  saturation  for  measurement  at 
S-band  but  have  a  high  zero  field  loss,  this  would  show  up  as  a  high  apparent 
tan  6  with  presence  of  a  small  H  field. 

Figure  2a  is  a  cross  section  at  the  center  and  perpendicular  to  the 
end  plates  of  the  TM  cavity.  The  ferrite  sample  is  suspended  at  the  center 

U  X  M 

with  polystyrene  holders  (not  shown). 

Figure  2b  shows  the  shape  amplitude  of  the  radial  RF  magnetic 
field  at  a  plane  through  the  center  of  the  cavity  parallel  to  the  end  plates.  The 
amplitude  is  constant  as  one  travels  about  the  B-B*  axis  at  a  fixed  radius  from 
the  center.  This  holds  true  for  any  plane  parallel  to  the  end  plates.  However, 
as  one  travels  up  and  down  the  ferrite  rod  from  the  plane  A-A',  the  maximum 
value  Hm  decreases  to  zero  at  the  rod  ends. 

As  the  diameter  of  the  ferrite  rod  increases  from  zero  (completely 
unperturbed  cavity),  it  begins  to  intercept  some  RF  magnetic.  If  the  zero 
field  (H^  ^  =  0)  loss  is  very  low  then  the  magnetic  loss  introduced  by  the 

ferrite  sample  will  be  negligible  and  the  assumption  that  all  the  loss  introduced 
by  the  sample  is  dielectric  loss  will  be  correct. 

This  explains  why  the  loss  tangent  obtained  for  TT-414  is  the  usually 
low  value.  However,  as  the  saturation  magnetization  of  the  ferrite  increases, 
the  zero  field  loss  at  S-band  increases.  This  explains  why  the  higher  saturation 
magnetization  ferrites  show  abnormally  higher  loss  tangents  when  measured 
at  S  -band. 
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MEASUREMENT  APPARATUS  (Continued) 

In  the  future,  it  may  be  necessary  to  use  smaller  diameter  samples 
even  for  NAGS  ferrites  with  low  saturation.  This  will  eliminate  any  possibility 
of  the  zero  field  loss  effecting  the  value  of  tan  6  . 

The  S-band  tan  6  apparatus  has  been  modified  from  previous  setups 
in  order  to  increase  its  sensitivity.  This  has  been  accomplished  by  adding  a 
traveling  wave  tube  amplifier  before  the  bridge.  Figure  3  is  a  schematic  of 
the  revised  tan  i  apparatus. 

4.  2  Line  Shape  and^X',  3C  " 

The  TE^21  cavity  for  the  line  shape  measurement  has  been  constructed. 
Sample  holders  have  been  made  for  .  150  and  .  100  diameter  spheres.  Spheres  of 
these  diameters  of  the  various  NAGS  materials  have  been  ground.  We  are  pres¬ 
ently  awaiting  the  return  of  the  LFE  Stalo  to  evaluate  the  constructed  apparatus. 
We  have  had  two  breakdowns  with  this  piece  of  equipment;  although  minor,  they 
have  caused  considerable  delay. 

4.  3  High  Power  Lose  vs.  Peak  Power 

This  measurement  is  awaiting  the  coinpletion  of  the  tube  adapter 
required  to  use  the  high  power  tube  which  operates  at  3400  Me. 

4.  4  Phase  Shift  Measurement 

We  are  attempting  to  measure  the  phase  shift  using  relatively  small 
samples.  This  is  so  we  can  obtain  some  relative  figure  of  merit  between 
samples  without  having  to  make  large  bars  1  inch  x  1  inch  x  6  inches.  A  device 
has  been  made  which  uses  the  actual  samples  ground  for  the  tan  6  measurement. 
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MEASUREMENT  APPARATUS  (Continued) 

The  ferrite  with  dielectric  tapers  is  placed  along  the  transverse  axis  of  a  doubly 
ridged  guide  as  shown  in  Figure  4.  This  is  the  ridge  guide  analogue  of  the 
Reggia -Spencer  phase  shifter. 

A  TT-414  sample  was  tried  and  very  little  phase  shift  was  observed. 
Because  of  the  small  sample  size,  little  phase  shift  is  expected.  In  order  to 
measure  the  small  amount  of  phase  shift,  a  new  setup  will  be  constructed.  This 
will  be  accomplished  by  the  use  of  a  slotted  line  detector  probe  and  a  spring 
loaded  dial  micrometer  capable  of  measuring  movements  of  .  0001  of  an  inch 
which  is  attached  to  the  ridge  guide  slotted  line. 

Since  the  phase  shifter  we  are  testing  is  reciprocal:  that  is,  phase 
shift  measured  in  either  direction  through  it  is  the  same,  it  is  not  necessary  to 
use  a  bridge  to  measure  phase  shift.  Figure  5  is  a  block  diagram  of  the  setup 
used.  When  a  matched  low  loss  reciprocal  phase  shifter  is  inserted  between 
a  slotted  line  and  a  high  quality  short,  the  shift  in  the  standing  wave  minimum 
is  exactly  equal  to  the  phase  shift  produced  by  the  phase  shifter.  Thus,  by 
measuring  the  shift  of  the  slotted  line  probe,  the  phase  shift  of  the  device  can 
be  measured. 

The  setup  shown  in  Figure  5  can  also  be  used  to  measure  loss  when 
the  short  is  removed  and  replaced  by  a  detector. 

Data  should  be  forthcoming  for  all  the  NAGS  samples  in  the  next 
report  using  this  more  accurate  setup. 
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5.  DISCUSSION  OF  THE  DATA 
5.  1  Compositional  Study 

A  series  of  compositions  were  prepared  at  the  start  of  this  program 
which  was  anticipated  would  meet  the  conditions  required  for  a  phase  shift 
device  at  S-band.  These  conditions  are:  4irMg^600  gauss,  tan  6  <  0.005, 

and  a  Curie  temperature  of  200*C.  In  the  nickel  aluminum  gallium  s/stem, 
it  is  possible  to  obtain  a  series  of  compositions  that  meet  the  Curie  temperature 
and  saturation  requirements  byr  the  proper  selection  of  x  and  y  in  the  general 
formula  NiAlj^Gay,Fea-{x  +  y)04* 

The  compositions  listed  below  were  prepared  anticipating  that  they 
would  approach  the  required  properties  given  above. 


Al/Ga 

Tot.  Sub. 

Ratio 

Composition 

(x+y) 

x/y 

NAGS-1 

Ni  ^^Mn  A1  ,  Ga  Fe 

.98  . 02  . 767  . 383  • 

800°* 

1.  15 

2.0 

Iron  deficient 

NAGS -2 

98^".  02^\  750°*.  300®”*. 

900°* 

1.05 

2.5 

Iron  deficient 

NAGS -3 

N^98^^02''^  733°*.267^^ 

O4 

95  * 

1.00 

2.75 

Iron  deficient 

NAGS -4 

^^98^^02^^  728°^248^^ 

O4 

934  * 

.975 

2.  95 

Iron  deficient 

NAGS-5 

*^‘l.  0^\  733°*.  267^*1. 0°* 

1.00 

2.75 

Stoichiometric 

The  evaluation  of  the  properties  of  NAGS-1  through  NAGS -5  prepared  by 
conventional  techniques  have  been  completed.  The  properties  for  each  composition 
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DISCUSSION  OF  THE  DATA  (Continued) 

are  listed  in  Table  I  and  are  an  average  of  several  firings  and  of  several  samples 
from  each  firing. 

From. Table  I  it  can  be  seen  that  the  selection  of  the  values  of  (x-t-/) 
for  NAGS-1  and  NAGS -2  \»ere  too  large  and  a  Curie  temperature  much  less 
than  200*C  were  obtained. 

One  of  the  most  interesting  and  important  results  that  can  be  observed 
from  these  data  is  the  fact  that  when  the  samples  have  been  fired  sufficiently 
high  so  that  the  porosity  is  less  than  5  percent,  the  saturation  magnetization  in¬ 
creases  drastically  and  both  the  20  Me  and  the  S-band  loss  tangents  increase. 

As  will  be  shown  later,  the  annealing  experiments  were  inconclusive  and  could 
not  explain  these  changes  in  properties  with  firing  conditions. 

Experience  with  other  ferrites  in  the  nickel  aluminum  iron  systems 
have  shown  similar  perplexing  results.  It  has  been  observed  in  these  other 
materials  that  when  they  are  fired  to  high  densities,  i.e.  ,  low  porosity,  the 
saturation  magnetization  changes  drastically  (50  to  100  percent)  and  the  micro- 
wave  loss  tangent  increases.  In  the  case  of  materials  with  compositions  beyond 
the  compensation  point, the  saturation  magnetization  reduced  when  fired  to  high 
densities.  A  possible  explanation  for  these  effects  is  given  below. 

The  theory  can  be  briefly  stated  as  follows:  when  a  ferrite  is  fired 
to  a  sufficiently  high  temperature  to  reduce  the  porosity  to  a  very  low  value,  the 
input  thermal  energy  is  no  longer  required  to  produce  sintering  and  the  reduction 
of  pores  but  produces  grain  growth.  As  the  grains  grow,  it  may  be  possible  for 
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TABLE  I 


4irMs 

If 

Porosity 

A.S.  G. 

20  Me 
Tang 

S-band 
Tan  S 

AH 

X-band 

ti-ii 

NAGS-1 

565 

124 

>5% 

5.  0 

.  003 

.001 

200 

2.8 

NAGS -2 

560 

165 

>5% 

5.0 

.004 

.003 

250 

3.0 

NAGS -2 

720 

165 

<1  % 

4.95 

.  01 

.005 

225 

2.8 

NAGS -3 

550 

185 

>5% 

5.  0 

.003 

.003 

225 

3.2 

NAGS -3 

770 

190 

<1% 

4.97 

.003 

.010 

275 

2.  7 

NAGS -4 

605 

198 

3% 

4.95 

.002 

.009 

320 

2.9 

NAGS -4 

770 

195 

<1  % 

4.95 

.003 

.012 

300 

2.8 

NAGS -5 

510 

215 

5% 

5.0 

.009 

.012 

290 

3.8 

NAGS -5 

785 

207 

0% 

5.0 

.098 

* 

275 

2.7 

*  Too  high  to  be  measured. 
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DISCUSSION  OF  THE  DATA  (Continued) 

a  liquid  phase  to  be  present.  It  is  not  necessary  for  a  liquid  phase  to  es^ist  for 
the  theory  to  hold  but  the  results  would  possibly  occur  faster  if  one  did  exist. 

For  the  moment,  let  us  assume  that  it  does.  As  the  grains  grow 
and  engulf  their  neighbors,  the  liquid  phase  that  exists  at  the  surface  will  sweep 
through  the  neighboring  grains.  As  these  grain  boundaries  move,  it  is  possible 
that  they  create  a  compositional  gradient  through  the  grain.  We  would  expect 
NiAl2.xFCx^4(^  <!)•  ^or  instance,  to  have  a  lower  solubility  than  a  more  rich 
spinel.  In  the  case  of  the  NAGS  system,  the  grain  boundary  spinel  most  prob¬ 
ably  would  be  a  lower  melting  nickel  ferrite  or  nickel  gallium  ferrite,  which 
may  be  liquid.  If  the  grain  boundary  spinel,  in  the  extreme  case,  is  a  nickel 
ferrite,  it  would  have  a  much  higher  saturation  magnetization  than  the  initial 
composition.  The  effect  on  the  saturation  would  depend  upon  the  amount  of 
grain  boundary  spinel  present  and  would  vary  depending  upon  the  firing  condi¬ 
tion.  It  would  be  expected  that  for  a  given  composition,  once  the  material  is 
fired  high  enough,  some  equilibrium  condition  may  be  exhibited  so  that  even 
if  the  material  is  fired  still  higher,  no  larger  amount  of  grain  boundary  phase 
is  present.  For  example,  if  we  examine  the  data  for  NAGS'3  and  NAGS-4,  we 
find  that  when  the  porosity  is  greater  than  5  percent  and  no  appreciable  grain 
growth  is  expected  the  saturation  magnetization  of  NAGS -3  is  550  gauss  and 
both  the  20  Me  and  S-band  loss  tangent  are  low  (.  003).  As  the  porosity  is  de¬ 
creased  to  below  5  percent  but  not  less  than  one  (1)  percent  the  saturation 
magnetization  of  NAGS-4  is  605  gauss  and  the  S-band  loss  is  .  009.  When  both 
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NAGS -3  and  NAGS -4  are  fired  to  porosit/  below  one  (1)  percent  and  appreciable 

grain  growth  is  expected  the  saturation  has  increased  to  770  gauss  and  the  S-band 

tan 6  has  increased  to  above  .  01.  The  higher  loss  tangent  probabl/  results  from 

3+ 

the  instability  of  Fe  in  the  liquid  phase. 

The  same  results  wejre  obtained  with  NAGS -5  which  was  stoichiometric: 

! 

4hat  is,  an  increase  in  saturation  and  loss  with  a  decrease  in  porosity.  The 
20  Me  and  S-band  tan  6  were  much  higher  than  NAGS -3  which  had  the  same  sub¬ 
stitution  of  aluminum  and  gallium  as  NAGS -5  but  was  iron  deficient.  This  in¬ 
crease  in  tan  £  is  probably  due  to  the  fact  that  after  milling,  the  composition 
was  no  longer  stoichiometric  but  iron  excess  because  of  iron  pick  up  during 
milling.  This  iron  pick  up  could  easily  contribute  to  the  tan  £  . 

Whether  this  explanation  is  correct  or  not,  it  can  be  concluded  that 
until  further  information  is  available,  in  order  to  obtain  the  saturation  magneti¬ 
zation  expected  for  a  given  composition  in  this  sytem,  and  in  order  to  keep  the 
S-band  tan  £  less  than  .  005,  it  is  necessary  when  processing  these  materials 
conventionally  to  fire  them  so  that  grain  growth  is  inhibited  and  a  given  amount 
of  porosity  (approximately  5  percent)  is  present  in  the  material.  If  this  explan¬ 
ation  is  correct,  the  hot  pressing  of  low  loss  fine  grained  powders  should  permit 
preparation  of  samples  with  less  than  5  percent  porosity. 

In  order  to  study  the  effects  of  ceramic  processing,  it  was  necessary 
to  select  a  composition  for  these  experiments.  As  was  mentioned  previously, 
NAGS-4  has  been  selected  as  the  composition  which  will  be  used  to  determine 
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DISCUSSION  OF  THE  DATA  (Continued) 

what  effects  ceramic  processing  has  on  its  properties.  NAG5-1  and  NAGS>2 
were  eliminated  from  further  consideration  because  of  the  low  Curie  tempera¬ 
ture.  NAGS -5  was  not  considered  further  due  to  the  high  20  Me  and  S-band 
tan  6  •  The  data  obtained  again  confirmed  the  desirability  of  making  ferrites 
slightly  iron  deficient. 

Composition  NAGS -3  and  NAGS -4  both  meet  the  basic  requirements 
of  the  saturation  magnetization  about  600  gauss,  Curie  temperature  approxi¬ 
mately  200*C  and  a  loss  tangent  of  less  than  0.  005.  The  loss  tangent  at  S-band 
for  NAGS -4  was  just  slightly  higher  than  the  20  Me  loss.  This  high  loss  was 
attributed  to  the  fact  that  none  of  the  samples  of  NAGS -4  that  were  measured 
had  a  porosity  of  greater  than  3  percent.  It  is  felt  that  with  just  a  slightly 
higher  porosity  the  S-band  loss  will  come  down.  In  addition,  it  is  possible 
that  sample  size  played  a  role.  The  Curie  temperature  of  NAGS-4  is  about 
10*C  higher  than  NAGS-3.  Since  it  is  anticipated  that  the  tan  i  at  S-band  of 
NAGS-4  should  eventually  be  at  least  as  low  as  that  of  NAGS-3,  and  the  Curie 
temperature  is  higher,  NAGS-4  was  selected  as  the  composition  that  will  be 
used  to  study  the  effect  of  ceramic  processing.  If,  after  more  information  is 
obtained,  it  is  found  that  NAGS-4  is  not  the  proper  composition,  the  pro¬ 
cessing  information  gained  should  be  applicable  to  the  similar  composition 
NAGS-3. 

Figure  6  is  a  plot  of  dielectric  constant  (e')  vs.  porosity  of  all 
samples  of  NAGS-1  through  NAGS-5.  It  is  easily  seen  that  the  porosity 
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increases  approximately  linearly  with  a  decrease  in  porosity.  This  is  to  be 
expected.  The  dielectric  constant  is  a  bulk  measurement  and  the  e*  one 
obtains  is  an  average  between  the  dielectric  constant  of  the  material  and 
the  dielectric  constant  of  air  in  the  pores.  The  curve  for  e*  versus  porosity 
at  S-band  is  of  the  same  shape  but  displaced  to  higher  values  of  dielectric 
constant.  This  may  be  due  in  part  to  the  measuring  technique  used  at 
S-band.  It  was  shown  in  the  measurement,  Section  4.  1,  that  the  values 
obtained  for  this  diameter  rod  of  alumina  and  TT-414  were  slightly  high,  and 
decreased  as  the  diameter  was  reduced.  The  difference  in  e'  between  two 
frequencies  may  also  be  due  in  part  to  the  formula  used  to  calculate  e'  at 
20  Me.  These  formulas  are  based  on  the  ASTM  report  for  measuring  high 
dielectric  constant  materials.  These  formulas  as  shown  in  Section  3.2.2, 
page  15,  of  the  First  Interim  Report  contain  several  correction  factors  for 
fringing  effects  and  stray  field  which  may  not  be  valid  for  these  materials 
and  some  modification  of  this  formula  for  ferrites  may  be  necessary.  Some 
of  the  differences  in  c'  for  the  two  frequencies  may  be  real. 

5.  2  Flame  Spraying 

The  flame  spray  experiments  described  in  Section  3.  3  were  under¬ 
taken  to  work  out  the  flame  spray  technique  required  for  the  nickel  aluminum 
gallium  system  and  to  compare  the  properties  of  the  flame  sprayed  material 
to  those  of  conventional  prepared  ferrites.  Of  the  four  batches  that  have  b«0n 
flame  sprayed,  only  NAGS-5-2,  NAGS''5-3,  andNAGS-6-1  have  been  evaluated. 
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Those  compositions  have  the  same  alumina  and  gallium  substitution  as  NAGS-3. 
Flame  spra/ed  NAGS -5  is  stoichiometric  and  NAGS -6  is  slightly  iron  deficiont. 
The  data  obtained  are  given  in  Table  II. 

Powder  collected  from  the  sidearm  from  the  flame  spray  run  of 
NAGS -5-2  was  pressed  into  bars  at  two  different  pressures  (10,000  psig  and 
20,000  psig).  Both  bars  were  fired  at  1400*C  for  5  hours  in  oxygen  (Firing 
No.  1039).  It  is  noted  that  all  the  properties  measured  were  essentially  the 
same  indicating  that  the  pressing  pressure  did  not  effect  these  properties.  It 
should  also  be  noted  that  the  20  Me  loss  tangent  was  much  lower  than  the  con¬ 
ventionally  prepared  NAGS -5.  The  loss  tangents  are  0.  003  compared  to  0.  009. 
This  would  tend  to  confirm  the  fact  that  the  conventionally  prepared  material 
did  pick  up  iron  during  the  milling  operation, which  contributes  to  the  loss. 

The  powder  from  the  three  sections  of  collection,  jsidearm  (Sa), 
scrubber  tank  (Ta),  and  the  fines  carried  as  overflow  from  the  scrubber  tank 
into  bottles  (Fi),  were  prepressed  at  250,  000  psi,  granulated  and  pressed 
into  bars  at  6,000  psi.  These  bars  were  then  fired  at  1350*C  for  10  hours  in 
oxygen  (firing  no.  1050).  In  any  device  where  powder  is  carried  along  in  an 
air  stream,  we  would  expect  the  heavier  particles  to  drop  first  and  the  lightest, 
particles  to  fall  last.  And  so  it  is  in  the  flame  spray  apparatus.  We  expect 
considerable  differences  in  particle  size  between  the  sidearm  (Sa)  and  the  tank 
(Ta)  and  from  the  bottles  (Fi).  This  expectation  can  be  confirmed  by  examining 
the  data  for  the  bars  fired  at  1350*C  (firing  no.  1050).  These  bars  were  made 
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DISCUSSION  OF  THE  DATA  (Continued) 

from  material  collected  from  the  above  mentioned  three  places.  The  data  for 
the  sidearm  material  agrees  closely  with  the  data  of  same  material  fired  pre¬ 
viously  (firing  no.  1039).  The  evaluation  of  the  bar  of  the  tank  and  bottle 
material  shows  some  interesting  results.  The  saturation  magnetization  did  not 
change  appreciably  but  the  loss  tangent  did  increase  by  an  order  of  magnitude 
and  the  Curie  temperature  increased.  In  fact  the  data  agree  very  closely  with 
the  data  for  the  conventionally  prepared  material.  This  would  suggest  a  com¬ 
positional  change,  and  that  the  material  in  the  tank  and  in  the  bottles  is  slightly 
iron  excess.  We  will  attempt  to  confirm  this  result  by  chemical  analysis  in 
the  coming  quarter. 

A  sample  of  flame  sprayed  NAGS-5-3-Sa  was  fired  (number  1085)  at 
similar  conditions,  1350 ‘C  for  10  hours  in  oxygen.  There  were  some  differ¬ 
ences  obtained  in  porosity,  bulk  density  and  shrinkage  as  compared  to  the 
1350*C  firing  of  NAGS-5-2.  This  was  due  to  the  higher  flame  temperature  ob¬ 
tained  by  the  use  of  two  burners  during  the  flame  spraying  of  this  batch.  The 
magnetic  properties  measured  were  very  similar  to  those  obtained  for  the  pre¬ 
vious  flame  sprayed  batch  of  this  composition.  Note  the  fact  that  the  20  Mc/s 
tan  8  and  the  S-band  tan  6  are  the  same. 

Two  firings  were  made  with  bars  of  flame  sprayed  NAGS -6-1.  These 
firings  were  at  1350*C  and  1265*C  for  10  hours  in  oxygen  (nxunber  1050  and  1047 
respectively).  The  bars  were  made  from  powder  collected  from  the  front  (Fr) 
and  back  (Ba)  of  the  sidearm.  There  was  little  difference  in  the  ceramic  pro- 
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perties  between  the  front  and  the  back  of  the  sidearm  when  fired  at  the  same  tem¬ 
perature.  There  was  an  expected  difference  in  properties  between  the  two  firing 
conditions.  For  equivalent  materials  the  dielectric  constant  and  tan  f  (both 
20  Mc/s  and  S-band)  both  increased  with  increased  firing  temperatures.  It  is 
noted,  however,  that  the  S-band  and  tang  is.  lower  in  all  cases  than  the  20  Mc/s 
tan  6  • 

At  this  time,  no  explanation  can  be  given  for  the  high  loss  and  high 
saturation  magnetization  obtained  for  composition  NAGS-6.  Chemical  analysis 
of  this  material  will  be  made  to  see  if  the  resultant  composition  is  the  same  as 
it  was  prepared;  that  is,  iron  deficient. 

In  conclusion,  it  can  be  seen  that  the  nickel  aluminum  gallium  system 
can  be  flame  sprayed.  The  material  collected  in  the  sidearm  has  a  low  dielectric 
loss  tangent  and  all  the  properties  of  this  material  are  approximately  what  would 
be  expected  for  the  starting  composition.  It  will  be  possible  to  prepare  material 
of  this  type  for  use  in  a  phase  shift  device  to  ascertain  the  effect  of  the  fine  grained 
ferrite  on  the  high  power  characteristics  and  compare  it  to  a  material  prepared 
by  conventional  ceramic  techniques. 

5.  3  Hot  Pressing 

During  this  quarter,  several  hot  pressing  runs  were  made  as  described 
in  Section  3.4.  These  runs  were  made  to  gain  a  better  inr.ight  into  the  hot  pressed 
sintering  of  conventionally  prepared  material  and  flame  sprayed  materials.  The 
data  obtained  for  hot  pressing  runs  23,  24,  and  25  are  listed  in  Table  III.  With 
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just  a  few  exceptions  which  will  be  noted,  the  ceramic  and  magnetic  properties 
were  in  close  agreement  with  the  properties  obtained  b/  conventional  sintering 
techniques.  The  20  Mc/s  tan  £  values  were  very  close  to  the  values  obtained 
b/  conventional  sintering. 

The  material  used  for  hot  pressing,  from  the  flame  spra/ed  batches, 
was  from  the  tank.  If  as  suspected,  there  is  a  composition  deviation  from  the 
starting  formulas  in  the  direction  of  excess  iron,  the  high  loss  for  HP-24  and 
HP-25  can  be  attributed  to  this  excess  iron.  This  would  also  account  for  the 
high  Curie  temperature.  The  fact  that  the  hot  pressing  is  accomplished  at 
much  lower  temperatures  (1150‘C  -  air)  than  conventional  sintering  (ISSO'C  - 
ox/gen)  may  not  allow  some  of  the  excess  iron  to  be  oxidized.  This  would  ex¬ 
plain  the  higher  loss  in  the  hot  pressed  sample  as  compared  to  the  conventionally 
sintered  sample.  The  chemical  analysis  of  these  materials  should  help  to 
clarify  this  situation. 

The  values  obtained  for  linewidth  and  g  were  in  good  agreement  with 
the  sintered  bars.  The  saturation  magnetization  obtained  also  was  in  good 
agreement  with  the  conventionally  sintered  material  except  for  the  value  ob¬ 
tained  for  HP-23  (NAGS -4).  No  explanation  is  apparent  for  this  increase  at 
this  time.  The  major  disagreement  between  the  hot  pressed  samples  and  the 
sintered  bars  is  the  Curie  temperature.  The  Curie  point  is  consistently  high 
in  all  hot  pressing  experiments.  At  the  present  time,  the  only  explanation  that 
can  be  given  is  that  there  is  a  compositional  variation  in  the  material,  probably 
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incomplete  reaction.  Even  though  no  definite  conclusion  can  be  drawn  as  to  wh/ 
the  Curie  temperature  is  high,  as  long  as  the  materials  work  in  a  device  this 
consistent  increase  in  Curie  temperature  can  onl/  help  the  operation  of  the  device. 

5. 4  Annealing  Ebcperiments 

Based  on  some  preliminary  annealing  experiments  reported  previously, 
several  samples  were  annealed  at  lOSO’C  for  144  hours  in  an  oxygen  atmosphere. 
The  data  obtained  are  listed  in  Table  IV. 

The  behavior  of  the  saturation  magnetization  before  and  after  annealing 
is  very  erratic.  Some  samples  increase  while  others  decrease.  All  compositions 
were  originally  formulated  to  yield  the  same  saturation,  but  this  was  not  obtained. 
It  is  seen,  however,  that  the  annealing  of  these  samples  did  bring  the  saturation 
magnetizations  between  samples  closer  together.  Where  before  annealing,  the 
saturation  ranged  from  510  to  785  gauss,  after  annealing  the  range  was  from  570 
to  793  gauss. 

In  general,  the  Curie  temperature  and  the  tan  5  either  remained  un¬ 
changed  or  decreased  with  annealing.  The  only  exception  was  the  increase  in 
tan  6  for  the  flame  sprayed  NAGS-6  after  annealing. 

It  is  evident  that  the  results  obtained  after  annealing  are  very  erratic 
and  inconclusive.  Since  these  experiments  are  very  time  consuming  and  re¬ 
quire  considerable  re-evaluation  of  the  materials,  and  since  no  trend  can  be 
established,  it  is  felt  that  further  work  at  this  time  would  be  less  than  fruitful. 

It  is  possible  that  the  erratic  results  ofcen  are  due  to  slight  changes  in  site 
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t 

Properties  Before  Atinealing  Properties  After  Annealing 


NAGS  Sample 

4TrMa 

If 

2-2-952 

730 

158 

2-2-975 

576 

167 

3-3-952 

770 

182 

3-3-975 

760 

189 

4-2-952 

770 

190 

4-2-975 

605 

197 

5-1-952 

785 

201 

5-1-975 

510 

2il 

5-2-Sa-1050 

571 

186 

5-2-Ta-1050 

513 

203 

5-2-Fi-1050 

619 

239 

6-l-Fr-1050 

725 

182 

6-l-Fr-1047 

730 

184 

6-l-Ba-1047 

722 

184 

HP- 19 

765 

315 

HP-20 

740 

320 

20  Mc/s 
Tan  6 

4irMg 

Ll 

20  Mc/s 
Tan  i 

.  003 

745 

158 

.002 

.  001 

599 

157 

.  0008 

.003 

787 

181 

.  003 

.002 

663 

178 

.  0002 

.002 

793 

188 

.  002 

.002 

646 

192 

.  0006 

.098 

719 

203 

.  104 

.009 

656 

203 

.009 

.003 

570 

180 

.003 

.028 

627 

200 

.037 

.026 

738 

214 

.024 

.013 

742 

175 

.04 

.010 

752 

176 

.03 

____ 

760 

179 

.  03 

.012 

737 

241 

.  001 

.018 

729 

238 

.004 
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preference  of  Ga  and  A1  in  the  material.  Therefore,  depending  on  the  inhomo- 
geneityr  of  the  composition  present,  annealing  could  make  the  saturation  go  either 
up  or  down. 
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6.  SUMMARY 

The  initial  requirements  of  a  saturation  magnetization  of  600  g,  Curie  tem¬ 
perature  of  200 and  a  tan  5  of  less  than  0.  005  have  been  approximately  met 
by  two  compositions,  NAGS -3  and  NAGS-4.  Since  NAGS -4  has  a  higher  Curie 
temperature  (195*C),  NAGS-4  has  been  selected  for  further  study. 

A  series  of  experiments  have  been  started  to  study  the  effect  of  ceramic 
processing  on  the  ceramic  and  magnetic  properties  so  that  a  better  insight  can 
be  obtained  as  to  the  behavior  of  these  materials. 

The  problem  mentioned  in  the  last  report  in  which  the  cavity  Q  was  increas¬ 
ing  instead  of  decreasing  when  low  loss  samples  were  measured  has  been  resolved. 
The  improper  behavior  was  due  to  the  fact  that  the  coupling  holes  in  the  cavity  were 
not  small  enough  so  that  the  required  condition  of  external  was  not  met.  The 
diameter  of  the  coupling  holes  was  decreased  so  that  the  required  condition  of 
Qe  is  now  met. 

Samples  of  known  low  loss  materials  were  evaluated  at  S-band.  These  mater¬ 
ials  had  saturation  magnetization  of  approximately  1400  g  and  2000  g.  When 
evaluated  at  S-band  the  tan  6*8  were  unusually  high.  Measurements  of  tan  6 
have  been  started  as  a  function  of  diameter.  It  indicates  that  when  a  sample 
has  a  high  saturation  and  the  diameter  is  large  the  rod  is  not  in  a  part  of  the 
cavity  where  the  H  field  is  zero.  These  experiments  are  continuing  and  may 
give  some  insight  into  the  high  S-band  loss  tangent  for  the  high  saturation  mag¬ 
netization  materials,  i.e.  ,  greater  n  700  gauss. 

A  theory  has  been  proposed  as  to  why  the  saturation  magnetization  of  these 
materials  drastically  increases  when  the  porosity  of  the  sample  is  less  than 
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SUMMARY  (Continued) 

five  (5)  percent.  This  phenomenon  has  been  attributed  to  the  grain  growth 
mechanism  involved  and  the  formation  of  a  composition  gradient  across  a  grain 
when  the  grain  growth  energy  is  reduced  due  to  the  removal  of  much  of  the 
internal  porosity. 

Several  batches  have  been  flame  sprayed  and  the  properties  of  the  material 
collected  in  the  sidearm  agree  quite  closely  with  the  properties  obtained  on 
conventionally  prepared  material.  The  fines  collected  in  the  tank  and  from 
the  scrubber  of  the  flame  sprayer  had  high  20  Me  loss  tangent.  This  may  be 
due  to  compositional  variation  in  the  material.  Chemical  analysis  of  this  ma¬ 
terial  will  be  performed  to  determine  if  composition  variations  (primarily 
excess  iron)ate  the  possible  cause  of  the  high  tan  £'s. 

Several  hot  pressing  runs  were  made  and  the  data  obtained  indicate  that 
properties  of  these  materials  are  in  agreement  with  the  properties  obtained 
on  identical  material  conventionally  sintered.  The  only  major  disagreement 
is  that  the  material  that  is  hot  pressed  has  consistently  yield  higher  Curie 
points  than  conventionally  sintered  materials.  No  conclusive  explanations 
can  be  given  for  the  anomaly  at  this  time. 

The  annealing  experiments  have  shown  to  be  very  erratic  and  have  not 
indicated  any  trend  or  conclusive  results.  Because  of  this  and  since  they  are 
very  time  consuming,  it  has  been  decided  to  discontinue  the  annealing  experi¬ 
ments  at  this  time. 
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7.  PROGRAM  FOR  NEXT  INTERVAL 

During  the  next  quarter,  the  following  work  will  be  performed; 

1.  Complete  the  processing  stud/  on  NAGS -4  and  evaluate  these 

materials. 


2.  Hot  press  NAGS -4  to  obtain  the  optimum  hot  pressing  condition 
which  will  be  used  to  hot  press  large  bars  of  NAGS -4. 

3.  Prepare  a  large  batch  of  NAGS -4  to  be  used  for  the  hot  pressing 
experiments  of  large  bars. 

4.  Complete  the  large  hot  pressing  die  and  hot  press  samples  of 

NAGS -4. 


5.  Continue  flame  spra/  experiments  on  NAGS-3,  and  NAG5-4  and 
evaluate  these  materials. 

6.  Complete  the  stud/  of  the  effect  of  sample  diameter  on  the  loss 
tangent  at  S*band  for  high  saturation  magnetization  materials.  Change  the 
diameters  on  some  NAGS's  with  saturation  over  600  gauss  to  observe  if  the 
tan  6  at  S-band  is  affected. 

7.  Complete  the  line  shape  apparatus  and  measure  low  field  loss 
of  NAGS  samples. 

8.  Complete  the  high  power  apparatus  and  measure  onset  of  non- 
linearit/  in  small  samples  b/  observing  the  deterioration  of  the  trailing  edge 
of  the  transmitter  pulse. 

9.  Measure  phase  shift  of  the  NAGS  samples  in  the  ridge  guide 


phase  shifter. 


Page  43 


Airtron,  a  division  of  Litton  Industries 


Rll-410 


8.  IDENTIFICATION  OF  PERSONNEL 

Below  is  a  list  of  the  personnel  working  on  this  contract  and  the  hours 
spent.  The  time  has  been  recorded  as  to  the  amount  supported  by  Airtron 
and  the  Government. 

HOURS  SPENT  ON  FERRITE  DEVELOPMENT  CONTRACT 
October  18,  1962  to  January  18,  1963 


Name 

Airtron 

Government 

J.  W.  Nielsen 

27 

105.0 

M.  King 

12 

D.  Blake 

240 

B.  Kaplan 

246 

S.  Cook 

6 

G.  Townsend 

30.3 

D.  Lepore 

449.  5 

A.  Bates 

140.  0 

A.  Wheeler 

47.  5 

A.  Dort 

57.  0 

B.  Connolly 

54.  5 

J.  Zneimer 

200.  0 

TOTAL  HOURS 

531 

1083.8 
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PROJECT  PERFORMANCE  AND  SCHEDULE  CHART 
Figure  7  is  the  Project  Performance  and  Schedule  Chart. 
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Figure  7  Project  Performauce  and  Schedule  Chart 
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